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The concept of model validation is evolving in the scientific community. This paper addresses the 

comparison of observed and predicted estimates as one component of model validation as 

applied to the integrated exposure uptake biokinetic (IEUBKl model for lead in children. The 

IEUBK model is an exposure (dose)-response model that uses children's environmental lead 

exposures to estimate risk of elevated blood lead (typically > 10 IJQ/dll through estimation of lead 

body burdens in a mass balance framework. We used residence-specific environmental lead 

measurements from three epidemiologic datasets as inputs for the IEUBK model to predict blood 

lead levels. and compared these predictions with blood lead levels of children living at these 

residences. When the IEUBK modeling focused on children with representative exposure 

measurements, that is, children who spent the bulk of their time near the locations sampled, 

there was reasonably close agreement between observed and predicted blood lead distributions 

in the three studies considered. Geometric mean observed and predicted blood lead levels were 

within 0.71JQ/dl, and proportions of study populations expected to be above 10 IJg/dl were within 

4% of those observed.- Environ Health Perspect 106(Suppl 6):1557-1567 (1998). 

http://ehpnet1. niehs. nih.gov/docs/1 998/Suppl.fi/1557-1567hogan/abstract.html 
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The widespread potential for environmental 
and occupational lead exposure, and the 
variety of associated adverse health effects at 
relatively low exposure levels have been 
described extensively in the scientific litera· 
ture; the findings and literature sources have 
been reviewed and summari:ted in a number 
of U.S; government reports U-5). For risk 
assessment purposes, multiple regression 
and correlation models relating environ­
mental lead levels and blood lead levels have 

been difficult to generalize to communities 
or neighborhoods where such data were not 
specifically collected. The U.S. Environ­
mental Protection Agency (U.S. EPA) 
developed the integrated exposure uptake 
biokinetic (IEUBK) model for lead in chil­
dren (6,7) as an alternative or complement 
to these stochastic models, to estimate the 
potential for blood lead concentrations 
above a specific: level of concern, currendy 
10 11g/ dl ( 4), .among children exposed to 
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lead in their environments. The IEUBK 
model differs from correlation models in 
that it is a dose-response model that uses 
children's le.ad exposures (doses) over time 
to estimate likdy lead body burdens. 

It is essential to demonstrate the useful­
ness of predictions from models used in sup­
port of regulatory decisions. The process of 
model evaluation involves several distinct 
principles and activities; most of these prin· 
ciples as they apply to the IEUBK model 
have been addressed in a variety of publica­
tions and are summarized below. The 
remaining principle, the comparison of 
model predictions with epidemiologic dara, 
is the primary focus of this paper. This will 
be addressed through an overview of 
IEUBK model predictions and their 
intended use, criteria for relevant dara sets 
for carrying out the empirical comparisons, 
and the choice of statistical methods for 
supporting the evaluation. 

Background 

Ovecview ofiEUBK Model Evaluation 

The concept of model evaluation has 
been evolving in the scientific community 
(8-11). The U.S. EPA has articulated a set 
of principles essential in evaluating models 
for regulatory use, in the U.S. EPA guid­
ance on peer review of environmental regu~ 
laroty modeling (11), and in the ValidAtion 
Strattgy for tht IEUBK Modtl for Ltad in 
Children {12). These principles address 
several distinct but dependent stages: the 
soundness of the scientific foundations of 
the model structure .and the adequacy of 
parameter estimates, verification of transla­
tion of mathematical relationships into 
computer code, and evaluation of whether 
model predictions are in reasonable agree­
ment with relevant experimental and 
observational data. The IEUBK model has 
been evaluated along these lines several 
times since its inception. 

The current version (version 0.99d) is 
an expansion of models used by the U.S. 
EPA air and water programs in support of 
regulations. The earliest version {13), used 
by the Office of Air Quality Planning and 
Control, was peer reviewed by the Clean 
Air Scientific Advisory Committee's Lead 
Exposure Subcommittee in 1988 and 
judged to be scientifically sound (14). 
Predictions generated by this version were 
confirmed using a cross-sectional study of 
children in the lead smelter community of 
East Helena, Montana; this work was 
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described by Johnson and Paul in 1986 
(15), Marcus and Cohen in 1988 (16), 
and in a U.S. EPA Office of Air Quality 
Planning and Standards staff paper in 
1989 (13), and consisted of empirical 
comparisons of observed and predicted 
blood lead distributions. 

This successfully confirmed model was 
expanded to include a total lead exposure 
component, with fetal exposure, nonlinear 
kinetics for plasma/red cell partitioning 
and for gut absorption, and much greater 
variety of time-varying lead exposure 
sources (17). The Science Advisory Board's 
(SAB) Indoor Air Quality and Total 
Human Exposure Committee reviewed 
this version in 1992, and concluded 

... we arc: convinced that the approach 
followed in developing the UBK model 
was sound, and constitutes a valuable ini­
riative in dealing with program needs in 
evaluating and controlling human expo­
sures ro lead. It can effc:crivdy be applied 
to many current needs even as it contin­
ues co und~rgo refinement for other appli­
cations, based upon experience gained in 
its usc. The refinements will nor only 
improve the scientific basis for C"l"dluaring 
and controlling k-ad, an essential Agency 
responsibility, hur also provide a basis for 
the use of the model for other roxic:mts 
th.ar pr~-senc similar challenges. ( /8) 

Version 0.99d reflects the recommenda­
tions of this second review, including 
improved guidance materials and documen­
tation of the scientific foundations of rhe 
model's structure model, parameters, and 
equations. More recent experimental data 
were identified and incorporated into chis 
version as improved parameter estimates, 
while the overall framework remained the 
same as that reviewed by the SABin 1992. 
The documentation supporting version 
0.99d was completed in 1994 (6;7) and is 
summarized separately in this series (19). 

Building on this foundation, an inde­
pendent code verification and validation 
exercise has been completed and is also 
reported separately in chis series (20). The 
main conclusion was that version 0.99d 
does accurately carry out the operations 
and calculations rhac were intended. 
Preliminary results of empirical compar­
isons of IEUBK version 0.99d predictions 
with three darasets were reported in 1995 
(21), and are reported here in more detail. 

Goal of IEUBK Empirical 
Comparisons 
As elaborated elsewhere ( 6, 7,19), the 
IEUBK model is a synthesis of many 
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scientific studies of lead biokinedcs, contact 
races of children with contaminated media, 
and the presence and behavior of environ­
mental lead. The model was designed to 
agree with observational, real-world data 
through its calibration with community­
specific datasets (7 ). It stands to reason, 
however, char usefulness of its predictions 
varies within the broader range and combi­
nation of conditions chat the model covers 
because the separate studies providing its 
parameters were not designed co span com­
pletely co-incident ranges of environmental 
and population-specific conditions. A range· 
finding exercise exploring what levels of 
agreement arc possible will help IEUBK 
model users better understand the strengths 
and weaknesses of the model and suggest 
areas for additional research and improve· 
ment. For example, child's age is an explicit 
factor in the IEUBK model. Although the 
full age range under 84 months is often rec­
ommended as a basis for lead risk assess­
ment (22), some applications may apply 
only co children at one ex creme of che range, 
or only co the mosc sensitive subpopulalion. 

In this context, empirical comparisons 
of model predictions with real-world data 
involve undemanding rhe IEUBK model's 
intended usc, identifying data char span at 

. lease similar conditions, and recognizing 
rhe limitations of the observed conditions 
for model evaluation. The IEUBK model 
functions primarily co e.srimate the risk of 
elevated blood lead levels, i.e., rhe proba­
bility of a given child or group of children 
having blood lead concentrations exceeding 
a specified level of concern (6). Currendy, 
U.S. EPA's rarget is co limit individual risk 
of exceeding lO 11g/dl to no more than 5% 
(14,22). The IEUBK's estimated risk of 
elevated blood lead levels corresponds to 
cumulative exposure to a multimedia set of 
environmental lead levels, generally at and 
around a residence, with which a child or 
group of children would have contact 
while living there. This estimated risk is 
intended co describe the potential for ele­
vated blood lead for any children who 
would have similar exposure, not just rhe 
current residents. For example, a typical 
application of the model is to estimate rhe 
potential for elevated blood lead levels for 
children who would live in residential 
developments to be built on currenrly 
undeveloped bur lead-contaminated land. 

The IEUBK model estimates risk of 
elevated blood lead under the assumption 
of lognormality of blood lead levels. The 
model supplies the starring point estimate 
of blood lead taken as a geometric mean 

(GM) blood lead level, and generates a 
blood lead distribution using an individual 
geometric standard deviation (GSD) 
derived from community blood lead 
s[Udies based in children's residential set­
tings (1.6). This individual GSD reflects 
substantial variability in interindividual 
behavior (e.g., length of exposure co mea­
sured media, extent of mouthing behavior, 
time since last meal, variability in dietary 
intake) and biology (e.g., lead absorp£ion 
races as affected by generics or nutritional 
status, including blood iron level) (6). 

As an illuscracion, consider a situation 
in which a combination of exposures to 

lead in soil, dust, water, diet, and air results 
in an IEUBK-predicted GM blood lead of 
5 11g/dl for children under 7 years of age. 
Using che recommended GSD of 1.6 (6), 
95% of children with similar exposure are 
expected to have blood lead levc:ls berween 
2.0 and 12.6 (Jg/dl. Using the same discrib­
urion, there is a 7% probability chat an 
individual child exposed to rhe same con­
ditions would be estimated to have a blood 
lead greater rhan I 0 pg/dl, or equivalently, 
7o/o of all children exposed ro chose condi­
tions would be estimated to have a blood 
lead grc;lter than I 0 ~tg/dl. 

Note that ir i~ not the goal of the IEUBK 
model to march the measured blood lead 
level of a specihc child. The IEUBK model is 
primarily a probabilistic model, not a substi­
tute for medical evaluation of a particular 
child. Returning ro the example above, sup· 
pose that two children live at the residence 
where the lead exposures considered for the 
model prediction were measured, and that 
the children's measured blood lead levels 
were 8 and 11 pg/dl. These are consistent 
with rhe model's GM prediction of 5 llg/d.l, 
and 95% confidence interval (CI) of 2.0 to 
12.6 pg/dl. Even an observed blood lead 
level outside the 95% CI, such as 1.5 jJg/dl, 
is consistent with the model prediction. 
Theoretically, however, there is only a 0.5% 
chance chat such a low blood lead would 
occur under these conditions. 

Data most useful for evaluating IEUBK 
model predictions should ideally involve 
measurements of borh environmental lead 
levels and the amount of lead taken into the 
body, as well as the children's body burdens 
of lead, i.e., lead levels in blood, bone, and 
other tissues, all at many time points over an 
extended period. To the best of our knowl­
edge, such detailed data do not exist, and 
would be difficult and expensive to collect, 
even if it were acceptable to study children 
experimentally. Lacking epidemiologic 
studies that have been carried out for the 
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purpose of model confirmation, some 

opportunistic use can be made of observa· 

tiona! studies of environmental and blood 

lead levels that have been conducted for pub. 

lie health evaluations at lead-contaminated 

sires. Longitudinal measurements would be 

preferred for IEUBK model confirmation to 

understand both exposure patterns and 

changes in blood lead with age, but these 

have been collected much less often than 

cross.sectional data. Even so, longitudinal 

data may not be absolutely necessary if the 

cumulative exposures and body burdens can 

be assumed to be comparable to those that 

must be inferred from cross.sectional data, 

allowing for the practical difficulties in 

measuring actual exposure. 
An observational study should meet 

several requirementS in order to serve as a 

basis of comparison with an exposure­

response model such as the IEUBK 

model (12): 
• A sufficiently large lead-exposed sample 

of children 84 months of age and 

younger (age must be known), selected 

either by random sampling or near·cen­

sus, helping assure that a wide enough 

range of children's behaviors is spanned 

by the data; 
• Blood lead levels linked with environ· 

mental lead levels, all analyz~d by 

accepted methods and collected within 

approximately 1 month of each ocher, 

at the rime of year likely to demonStrate 

peak blood lead levels (usually late sum­

mer) (23), to be on an equivalent basis 

with other epidemiologic studies 
including those used ro calibrate the 

IEUBK model; 
• Environmental lead concentrations in 

all media to which each child was 

primarily exposed (usually soil, interior 

dust, and drinking water) that can be 

expected to have been reasonably 

constant over at least the last 3 monrhs 

preceding the blood lead measurement 

and that adequately characterized the 

child's exposure to lead (i.e., no 

missing data}; 
• Behavioral and demographic data such 

as time spent outside or away from 

home; 
• Documentation of quality assurance 

and quality control procedures to 

address reproducibility of measure· 

menrs;and 
• Documentation of orher sources oflead, 

such as local data on lead in air and 

food if possible, but possibly less impor· 

tant because these sources have seen 

great reductions ( 4,24); traditional 
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medicines or parents' occupational 

-exposure; residence-specific data 

concerning X·ray fluorescence (XRF) 

levels and condition of lead-based paint. 

The first five attributes arc essential. 

Knowledge of other sources of lead is 

important, but it may be possible to carry 

out some useful comparisons without 

information on these additional sources of 

lead if the study is large enough and if it 

can be assumed that the influences of these 

sources are relatively minimal and ran· 

domly distributed throughout the dataSet. 

In the case of lead-based paine, while resi· 

dence·specific measurements and observa· 

tions will help interpret local conditions, 

exposure to lead·based paint is best assessed 

through dust and soil lead measurementS, 

as discussed below. Datasets already used 

by the U.S. EPA to calibrate the IEUBK 

model (7) are specifically excluded, as they 

already generate good agreement of model 

predictions, by design. 

Methods 

Study Population 

For this first empirical comparisons 

exercise of IEUBK version 0.99d, we 

chose a set of studies that conformed well 

with the selection c;riceria discussed above 

and had the additional advantages of 

using very similar methods of environ­

mental sampling and lead analysis, and of 

including extensive behavioral and 

demographic information collected by a 

standardized questionnaire administered 

at all sites. This multisite study of lead 

exposure and blood lead in Palmerton, 

Pennsylvania; Madison County, Illinois; 

Jasper County, Missouri; and Galena, 

Kansas, was designed by the Agency for 

Toxic Substances and Disease Registry 

(ATSDR) and the U.S. EPA, and con· 

ducted in 1991, to evaluate populations 

of all ages near these Superfund National 

Priorities List sites for possible health 

effects related to chronic, low·levcl lead 

and cadmium exposure associated with 

nearby, but no longer active, smelter 

operations. Analytical methods, quality 

control, and quality assurance are 

described in ATSDR's final reporr of their 

health evaluation at these sites (25). 

ATSDR's Division of Healrh Studies 

maintained the database containing all 

blood lead data and personal identifiers, 

in order to safeguard confidentialicy of the 

participants. We worked with a subset of 

this database, configured as a SAS dataset, 

containing one record for each individual 

A T S D R_, 

child up to 84 months of age, with 

environmental lead measurements and 

questionnaire responses but no informa· 

tion that would permit identification of 

individuals or residences. 
In general, the study populations were 

random samples, with some minor qualifi· 

cations. Children 72 co 84 months of age 

were somewhat underrepresented because 

children 6 to 71 months of age were over­

sampled relative to rhe older participants 

(25). In the Jasper County sample, all 

homes where children had elevated blood 

lead levels were subjected to environmental 

sampling, but only a randomly selected 

subset of other homes was sampled; chil· 

dren with high blood lead levels have thus 

been overrepresented in this portion of the 

database used for this empirical compar· 

isons exercise. As the Galena, Kansas, and 

Jasper County, Missouri, darasets had been 

designed with a common comparison 

group, we combined them to maximize 

sample sizes for comparisons within subsetS 

of each dataset. In two of the datasers, a 

substantial number of siblings were 

included. These records were retained also 

ro maximize sample sizes for comparisons 

within subsetS of each data set and because 

the different ages within families lead to 

somewhat independent exposures and 

blood lead levels despite the same measured 

environmental lead. levels. 
Next, the datasets were trimmed by 

excluding records with incomplete exposure 

characterization. From rhe maximum num· 

bee of records, those missing any values for 

child's soil lead, dust lead, water lead, or 

blood lead were excluded. If there had been 

children who had lived in their residences 

less than 3 months, the minimum applica· 

ble period for generating IEUBK predic· 

tions (6:7), these records would have been 

excluded as well. Children reported by their 

parentS to be away from home more than 

10 hr/week (such as at a babysitter or day­

care facility) were excluded because there 

was no information concerning lead expo­

sure at the secondary locations. The cutoff 

of 10 hr seemed ro be a reasonable 

acknowledgment of family activities, such 

as visiting friends and &roily or going gro· 

eery shopping. The cutoff was relaxed to 20 

hr/week for the Pennsylvania daraser, how­

ever, because of the small sample size. 

Individual measured blood lead levels were 

not examined until after generating IEUBK 

predictions; this information had no parr in 

identifying the records to be excluded. 

Table 1 summarizes the number of records 

used from each dataset. 
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Table 1. Summary of samples sizes used in IEUBK model empirical comparisons. from three community blood lead 
studies, 1991. 

Madison County. Galena, Kansas; Palmerton, 

Subset Illinois Jasper County, Missouri Pennsylvania 

Children 6-84 months old, with 502 224 108 

no missing environmental data 

Subset of children away from 333 111 34 
home < 1 0 hr/week' 

Number of homes 227 83 34 

•Pennsylvania set includes children away up to 20 hr/week. 

Si.Sped6.c Environmental Samples 
and IEUBK Modd Exposure LeVel 
Inputs 
Table 2 provides a brief description of the 
environmental sampling methods for each 
study. Although these studies were carried 
out with. a high level of consistency, some 
unavoidable differences among them 
required judgments concerning which 
measurements to use as IEUBK inputs: 
• There were some differences in sources 

of soil samples becween the three 
datasecs. In the Kansas/Missouri and 
Illinois dataset&, composite soil samples 
avoided the drip-lines of the residences, 
and emphasized play areas relative to 
other parts of the yard. In Pennsylvania, 
soil samples were not composited over 
the entire yard, so it was necessary to 
choose a combination of measurements 
to average that would characterize areas 
children were more likely to use. The 
average of che bare and play areas was 

judged to be as similar to the composite 
measurements from the other two 

studies u possible; play area alone was 
considered but was only available for 26 
children away from home no more than 
20 hr/wcek. 

• Drinking water samples were first-draw 
only in the Kansas/Missouri and 
Illinois datasets. First-flush, or over­
night stagnation, samples tend to reflect 
the maximum possible water concentra­
tion but not children's typical exposure 
m lead in drinking water (6}. Because 
the majority of water lead measure­
ments were below the level of detec­
tion, however, no adjustment was made 
to project more typical water lead con­
centrations from these already very low 
measurements. For the Pennsylvania sec, 
30-min stagnation samples were avail­
able, and were considered typical for 
estimating children's water lead 
consumption (6). 

• Indoor dust at each of the sites was 
sampled using similar low flow rate 
vacuum methods, but the locations of 
samples differed across the studies. The 
Illinois and Pennsylvania composites 
included dust collected from the 
entrance to the household, which 
would be expected to reflect a higher 
level of lead contamination, if present, 
from soil tracked inside but where chil­
dren do nor necessarily play (26,27). 
Most significantly, Illinois samples 
included dust from window wells and 
sills, which tend to have higher lead 
concentrations than floors when lead­
hued paine and ocher exterior lead con· 
tamination is present (5,28), whereas 
dust samples from the other sites did 
not include these locations. 

• Lead-based paint exposure is best 
represented for IEUBK predictions by 
the appropriate dust and soil lead mea­
surements (6), as this is the most com­
mon source of exposure for lead-based 
paint because of children's mouthing 
behavior (4). Less than 10% of children 
are expected to exhibit pica for paint 
chips (29.30). 

IEUBK Modd Predictions 
In addition to the identification of repre­
sentative exposure inputs to the IEUBK 
model, the appropriateness of default 
values for several ocher input parameters 
should always be considered for each sire­
specific use (6). These parameters include 

Table 2. Summary of environmental sampling methods and choice of IEUBK model inputs, from three community blood lead studies. 1991. 

Galena. Kansas; 

Environmental medium Madison County, Illinois Jasper County. Missouri Palmerton. Pennsylvania 

Drinking water 
Collection method First draw First draw First draw and 30·min stagnation 

IEUBK input Recorded measurement Recorded measurement 30-min stagnation 

Range, IJg/liter <1-96 <2-46 0.3-38 

Indoor dust 
Collection method Composite from entry, 2 most Composite from most I ikely play Composite from entry, most 

likely play areas. and window wells area, using low flow rata vacuum utilized room, and child's bedroom, 

and sills, using low flow rate vacuum method using low flow rate vacuum method 

method 
IEUBK input Composite measurement Composite measurement Composite measurement 

Range, ppm 5-71,300 11-aODO 205-2010 

Play area soil 
Collection method Composite of~ 10 one-inch soil cores Composite of~ 10 one-inch soil Separate composites from house 

from play areas cores from play area perimeter, gardens, bare areas, 
sandbox/play areas 

IEUBK input Composite measurement Composite measurement Average of bare and play area 
composite measurements 

Range. ppm 37-2600 18-4830 1.6-1780 

Interior lead-based paint 
Collection method XRF, 3 ft from floor in play areas XRF, 3ft from floor in play areas XRF. limited to outer layers of paint 

IEUBK input None None None 
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dietary lead intake, dirr ingestion rates, and 
bioavailability of rhe lead compounds pre­
sent at each sire. There were no data avail­
able concerning dirt ingestion or dietary 
lead intake that suggested changes to the 
IEUBK model defaults, either on a com· 
munity or on an individual basis. A recent 
swine bioavailability scudy of Jasper 
County soils suggested an absolute lead 
bioavailability slightly higher than 30% for 
subareas with primarily mining and mill 
wastes as opposed to smelter wastes (31), 
and a similar study of Palmerton soils esti­
mated absolute lead bioavailability center­
ing on 30% (32). For the purposes of this 
exercise, lead bioavailability was kept at the 
default of 30% for all three datasets; results 
for the Jasper County dataset can be inter­
preted by town, according to the relative 
prevalence of the different soil types. 

The IEUBK model was run for each 
dataset, using child-specific inputs for age, 
soil lead concentration, dust lead concen­
tration, and water lead concentration (6). 
This step generated a GM blood lead for 
each child-specific set of lead in pun. The 
blood lead predictions for each set of 
inputs were added ro the original datasets 
to facilitate comparisons of observed and 
predicted blood lead levels according to the 
categories of demographic and behavioral 
variables contained in the datasets. 

Statistical Analysis 
This evaluation was seen as a range-finding 
exercise, exploring what is possible and 
suggesting areas for additional research and 
improvement. Comparison of descriptive 
measures, here GMs and the probability of 
exceeding 10 )lgldl, is a straightforward 
approach. The size of the difference 
between two measures and the sizes of the 
associated confidence intervals are more 
informative than one-dimensional p-values 
(33) resulting from statistical testing. 

For the observed blood lead levels, the 
percentage exceeding 10 )lg/dl was 
determined by the number of children 
observed to have blood lead levels 
~ 10 jlg/ dl among all children in the 
sample. The: associated 95% CI was calc:u­
lated using exact tabled values (34). For 
each IEUBK prediction, the probability of 
exceeding 10 )lg/dl was calculated from 
the GM with a GSD of 1.6 (6). The aver­
age of these individual exceedance proba­
bilities was then calculated for each 
dataset. The average individual exccedance 
probabilities were treated as binomial 
probabilities for the purposes of estimating 
95% Cis. 
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In addition to GMs and excc:c:dance 
probabilities calculated for each study 
population, we used two approaches to 
identify ranges or subsets of child popula­
tions where IEUBK predictions may be less 
useful. First, the observed and predicted 
GM blood lead levels were compared for 
subgroups determined by factors that con­
tribute to variability in exposure: child's 
age, locality, presence of lead-based paint, 
or time: away from home or outside. 
Excc:edance probabilities were not calcu­
lated for the subgroups.Because of the 
smaller group sizes, comparisons of upper 
percentile values could be substantially 
weaker than for the: datasets as a whole. 
Second, scatter plots of observed and pre­
dicted blood lead levels were examined for 
systematic differences. 

Results 

Overall Comparisons 

Geometric mean IEUBK model predictions 
compared within I flgldl of GM-observed 
blood lead levels for all three datasecs: for 
Kansas/Missouri, 0.6 11g/dl less than the 
observed GM; for Illinois, a 0.0 }lg/dl differ­
ence, and for Pennsylvania, 0.7 f!g/dl greater 
than the observed GM. Table 3 presents a 
summary of the correspondence of observed 
and predicted mean blood lead levels for the 
three study groups. Note that the 95% Cis 
for the GMs overlap substantially within 
each dataset. 

Figure I illustrates these relationships 
further, in the context of the environmen­
tal soil and dust lead levels. These: results 
demonsrrare the: plausibility of IEUBK 
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4 e 1 a 

GM-predicted 
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Figure 1. Correspondence of observed and IEUBK 
model-predicted blood lead concentrations by site: 
Kansas/Missouri, Illinois. Pennsylvania, 1991. The solid 
points are the GMs. whereas the open points provide 
95% Cis for the GMs. 

GM predictions across this range of 
environmental lead concentrations and 
conditiona evaluated at a community level. 

Comparuon of predicted and observed 
probabilities of exceeding 10 J.lg/dl yielded 
similar results (Table 4). The IEUBK 
model's predicted incidence of elevated 
blood lead levels was within 4% of the per­
centage observed to be above 10 pgldl: for 
Kansas/Missouri, 20% observed versus 18% 
predicted; for Illinois, 19% observed versus 
23% predicted; and Pennsylvania, 29% 
observed versus 31% predicted. Here again, 
the substantially overlapping Cis for these 
excecdance probabilities do not indicate any 
important differences between the observed 
and predicted exceedance probabilities for 
these datasets. 

Tabla 3. Comparison of observed and predicted geometric mean blood lead for three community blood lead 
studies. 1991. 

Dataset 

Galena, Kansas; 

Sample 
size 

Observed, IJg/dl 
GM 95%CI 

Jasper County. Missouri' 111 5.2 4.5-5.9 
Madison County, Illinois' 333 5.9 5.5-6.4 
Palmerton. Pennsylveniab 34 6.8 5.8-8.2 

'Children away from home s; 10 hr/week. 6Children away from home :1:20 hr/week. 

IEUBK model prediction. !JQ/dl 
GM 95%CI 

4.6 
5.9 
7.5 

4.D-5.3 
5.4-6.3 
6.6-8.6 

Table 4. Comparison of observed and predicted probability of exceeding 10 119/dl for three community blood lead 
studies, 1991. 

Study 

Galena, Kansas; 

Sample 
size 

Observed 
Percent 95% Cl 

Jasper County, Missouri• 111 20 13-27 
Madison County. Illinois• 333 19 15-23 
Palmerton. Pennsylvaniab 34 29 14-44 

'Children away from homes 10 hr/week.lrChildren away from home S20 hr/week. 

IEUBK model prediction 
Percent 95% Cl 

18 

23 
31 

11-25 

19-28 
16-47 
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Sub populations of Children 
Comparisons according to such exposure 
influences as age, time spent away or out­
side, neighborhood/locality, and prevalence 
of lead-based paint showed some consistent 
patterns for che Kansas/Missouri and Illinois 
datasets (Tables 5, 6). The Pennsylvania 
comparisons are presented for completeness 
(Table 7), but the relatively large Cis indi­
cate that the sample sizes available within 
these subcategories precluded drawing 
strong conclusions. 

Age. In the Kansas/Missouri and 
Illinois datasets, observed blood lead levels 
for children less than 1 year old (2.9 and 
3.8 )lg/dl, respectively) were lower than 
those observed for the other age groups; 
there were no children under 1 year old in 
the Pennsylvania set. Observed blood lead 
levels were generally highest for children 
I to 2 years of age in all three datasets (6.1, 
7.3, and 7.3 )lg/dl, respectively), then 
decreased with increasing age. Predicted 
blood lead levels followed this same pat­
tern. Because soil and dust lead levels were 
comparable across age groups (not shown), 
it is reasonable to assume that variability in 
predicted blood lead levels reflects the 
model's age-related parameters and algo­
rithms rather than a coincidental gradient 
of environmental lead levels. 

Observed and predicted GM blood lead 
levels agreed within 0.5 flg/dl for children 
1 to 4 years of age in the Kansas/Missouri 
and Illinois datasets. For children older 
than 4 years, GM-predicted blood lead lev­
els were consistencly lower than observed 
across all three datasecs. Although the dif­
ference between observed and predicted was 
greatest for the group <I year old than for 
the other age groups, this is not a strong 
result, as the sample sizes are small for rhe 
youngest age group and the Cis overlap 
substantially. Relatively greater uncer­
tainty in such factors as daily dirt inges­
tion rates (35), lead absorption rates (36), 
and amount of lead transferred during 
gestation (37) identifies this age group as 
deserving further study [see also discus­
sion in SAB rep orr (1 8)]. In rhe mean­
time, it is probably most practical not to 
generare predictions specifically for this 
age group but still to include ir when gen­
erating predictions for all children up to 
7 years old. 

Time Away from Home. In the 
Kansas/Missouri and Illinois sers, 
GM-observed blood lead levels were similar 
whether children were reported to spend all 
of their time at home or whether they 
spent up to 10 hr/day away. For children 
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not away from home, GM-predicted blood 
lead levels tended to correspond to the par­
tern seen for overall agreement, with the 
GM prediction lower than the GM 
observed for Kansas/Missouri children and 
very similar for Illinois children.· In both 
sets, predictions were about 1.5 )Jg/dl 
higher for children away up to 10 hr/week 
than for those not away, reflecting higher 
soil lead and dust lead levels measured at 
these homes relative to those of the other 
children. Cis for blood lead measurements 
and predictions all overlapped substantially. 

Time Spent Oubith. Observed blood 
lead generally increased with increasing 
hours per day a child was reported to play 
outside (Tables 5 through 7), indicating 
some impact of increased exposure to soil 
lead. In addition, there was some corre­
spondence of higher age with increasing 
rime outside (not shown), but as blood 
lead levels were observed ro decrease with 
age (in larger groups than here), the over­
all increase in blood lead with rime spent 
outside appears fairly robust. 

Predicted blood lead levels were relatively 
independent of time spent outside. This 

result was expected because the IEUBK 
model assumes that, on a\·eragc:, 45% of the 
dirt that children typically ingest is soil (6). 
Also, soil lead and dust lead levels showed no 
particular association with time-spent-out­
side categories (not shown). For each cate­
gory, the Cis for observed and predicted 
mean blood lead levels overlapped; there is 
no strong difference between the observed 
and predicted blood lead levels within each 
time-outside categoty. 

Takes Food Outside. Observed blood 
lead levels were about 1 J.lgldl higher on 
average for children who were reported to 
rake food outside with them to play than 
those who did not, in all datasets. This sug­
gests a higher level of soil ingestion for the 
children who took food outside relative: to 
chat for the ocher children. GM-predicted 
blood lead levels were similar for these two 
categories, as expected, and within 0.4 )Jg/dl 
of the GM-observed blood lead level for the 
children who did not take food outside in 
the Kansas/Missouri and Illinois darasets. 

Locality. In the Kansas/Missouri and 
Illinois datasets, observed GM blood lead 
levels varied across localities. For the 

Tabla 5. Comparison of observed and predicted blood lead levels for children away from home s 10 hr/week in 
Galena. Kansas, and Jasper County, Missouri. 1991. 

n 
Observed blood lead,~dl 

GM 95 I 
IEUBK model Qrediction, ~~I 

GM ~5*' I 

Total 111 5.2 4.5-5.9 4.6 4.D-5.3 
Age. years 

<1 7 2.9 1.9-4.2 5.5 3.4-8.8 
1-2 38 6.1 4.8-7.8 5.6 4.3-7.4 
3-4 38 5.3 4.2-6.9 4.9 3.9-6.1 
>4 28 4.5 3.5-5.8 3.2 2.6-3.8 

Time away from home 
0 hr/Week 76 5.1 4.3-6.0 4.2 3.6-4.9 
1-1 0 hr/week 35 5.3 4.1-6.8 5.7 4.2-7.8 

Time outside 
0 hr/day 7 4.4 2.6-7.3 4.5 3.1-6.4 
1 hr/day 19 4.1 3.0-5.6 4.9 3.2-7.6 
2 hr/day 26 3.8 2.8-5.2 5.0 3.6-6.8 
3-4 hr/day 25 5.9 4.7-7.5 4.6 3.6-5.9 
5-6 hr/day 17 5.6 4.0-7.8 3.8 2.9-5.1 
>6 hr/day 17 8.4 5.4-13.1 4.8 3.0-7.6 

Takes food outside 
Yes 47 5.9 4.7-7.5 4.9 3.8-6.2 
No 57 4.7 4.0-5.5 4.4 3.8-5.2 

Town 
Neosho, Michigan 16 3.2 2.4-4.2 2.7 1.9-3.8 
Duenweg, Michigan · 12 3.0 2.4-3.8 2.6 2.1-3.4 
Webb City, Michigan ·6 5.0 2.2-11.4 4.3 2.3-7.7 
Galena. Kansas 17 6.1 4.2-B.B 4.4 3.2-8.1 
Carterville. Michigan 16 6.6 4.4-9.9 4.8 3.5-6.7 
Joplin, Michigan 36 5.7 4.4-7.5 6.6 5.1-8.5 
Oronogo. Michigan 7 8.3 5.6-12.5 6.4 3.0-13.5 

Interior XRF 
<1 mg/cm2 42 4.0 3.3-4.8 2.9 2.5-3.5 
~1 mg/cm2 67 6.1 5.1-7.3 6.2 5.3-7.3 
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Table 6. Comparison of observed and predicted blood lead levels for children away from home ~10 hr/Week in Kansas/Missouri set, children in Neosho 

Madison County, Illinois, 1991. and Duenweg had the lowest observed 

Observed blood lead, ~g/dl IEUBK model ~rediction. ~!!Ldl blood lead levels, and children in d"ronogo 

n GM 95%CI GM 95%1:1 had the highest, on average. The predicted 

Total 333 5.9 5.5-6.4 5.9 5.4-6.3 GM blood levels also follow the same pat-

Age, years 
tern. In several instances the observed and 

<1 31 3.8 3.0-4.8 5.2 4.4-6.0 predicted mean blood lead levels differed 

1-2 112 7.3 6.4-8.2 6.8 6.0-7.6 by more than 1 )lg/dl, but the sample sizes 

3-4 91 5.9 5.2-6.7 6.1 5.3-7.0 available were generally small, and wide 

>4 99 5.4 4.8-6.1 4.8 4.1-56 Cis overlapped considerably. In the Illinois 

Time away from home dataset, observed blood lead levels 

0 hr/weak 301 5.9 5.5-6.4 5.7 5.3-6.2 decreased with distance from the smelter, 

1-1 0 hr/vveek 32 5.7 4.5-7.1 7.3 5.4-9.8 as did the predicted blood lead levels, on 

Time outside average. In addition, the predicted mean 
0 hr/day 55 4.3 3.6-5.2 6.4 5.2-7.9 blood lead levels were wirhin 0.9 )Jg/dl of 
1 hr/day 37 5.0 4.1-6.1 5.4 4.5-6.4 

2 hr/day 61 6.1 5.2-7.2 5.9 5.1-6.9 the mean observed blood lead levels for · 

3 hr/day 35 5.0 4.1-6.0 5.8 4.4-7.7 each sector. 

4 hr/day 55 6.6 5.5-7.8 6.1 5.o-7.4 LeaJ-BaseJ Paint. As noted in Table 2, 

5 hr/day 26 6.9 5.5-8.6 6.2 4.7-8.2 there were XRF measurementS of indoor 

6-7 hr/day 22 9.1 7.1-11.8 6.7 4.9-9.1 paint for all three datasets. Use of the pres-

> 7 hr/day 36 7.2 5.7-9.2 4.8 3.7-6.1 ence of interior lead-based paint (XRF ~ 1 

Takes food outside mg/cm2) as an indicator of exposure to 

Yes 155 6.7 6.0-7.4 5.4 4.9-6.0 lead-based paint, however, is incomplete 
No 123 5.8 5.2-6.5 6.2 5.5-7.1 

Distance from smelter, 
without some knowledge of the condition 

1/4-mile increments 
of the paint. Nevertheless, in case of an 

1-3 55 8.9 7.3-10.8 8.7 7.1-10.6 overt trend, we compared observed and 

4 66 6.3 5.4-7.2 5.4 4.7-6.3 predicted blood lead levels categorized by 

5 80 5.7 4.9-6.7 6.6 5.8-7.6 presence of lead-based paint. 

6 53 5.1 4.3-6.1 5.7 4.5-7.1 The datasets were not consistent with 

7-10 63 4.9 4.3-5.6 4.4 3.9-4.9 respect to observed blood lead levels. 

Interior XRF Missouri/Kansas children in homes with 

< 1 mg/cm2 172 5.9 5.3-6.5 4.8 4.4-5.1 interior XRF. < 1 mg/cm2 had lower 

<!:1 mg/cm2 148 6.2 5.6-7.0 8.0 7Q-9.0 observed blood lead levels chan those liv-

ing in homes with interior with XRF ~ 1 

Table 7. Comparison of observed and predicted blood lead levels for children away from homeii:20 hr/week in mg/cm2, by about 2 )lg/dl, whereas there 

Palmerton. Pennsylvania, 1991. 
was no apparent difference for the Illinois 

Observed blood lead.~dl IEUBK model Erediction,ffdl 
children according to presence of lead-
based paint. In both dacasers, predicted 

n GM ~5 I GM §5 I blood lead levels were lower for children in 

Total 34 6.8 5.6-8.2 7.5 6.6-8.6 homes with interior XRF < 1 mg/cm 2 

Aga, years than for those in homes with interior with 

<1 0 XRF ~ 1 mg/cm 2 , by about 3 )lg/dl. 

1-2 14 7.3 5.4-9.9 8.2 6.9-9.7 GM-measurcd dust lead concentrations 
3-4 13 6.5 4.5-9.3 7.7 6.1-9.7 

>4 7 6.4 4.2-9.6 6.1 4.1-9.0 were higher in both datasets for children 

Time away from home 
in homes with interior lead-based paint 

0 hr/week 7 7.1 4.1-12.4 6.6 5.3-8.4 than for the other children. Soil lead con-

1-10 hr/week 17 6.0 4.6-7.9 7.4 6.2-8.8 centrations were also higher for children in 

11-20 hr/week 10 8.0 5.6-11.4 8.5 6.1-11.9 homes with interior lead-based paint, indi-

Time outside eating that exterior sources of lead have to 
a hr/day 2 10.6 NA 8.4 NA 
1-3 hr/day 18 5.9 4.4-7.9 8.3 6.8-10.0 be considered simultaneously, in addition 

>4 hr/day 14 7.6 5.9-9.8 6.6 5.4-8.0 to considering the condition of both 

Takes food outside interior and exterior lead-based paint. 

Yes 14 7.1 5.5-9.2 7.6 5.8-10.0 

No 18 6.2 4.6-8.4 7.3 6.3-8.3 CorresJ:ndence for 

Town lnd.ivi ual Chilchen 
Palmerton 21 6.3 5.D-7.9 8.1 6.9-9.5 

Bearing in mind that the IEUBK model is 
Jim Thorpe 13 7.6 5.4-10.7 6.7 53-8.4 

Soil measurements 
not intended to be used ro replicate the 

Bare area only 8 5.4 3.1-9.5 8.4 6.2-11.3 observed blood lead levels of specific 

Play area only 18 7.5 5.8-9.6 7.3 5.9-9.1 children, rhe individual correspondence 

Bare and play areas 8 6.8 4.7-9.9 7.1 6.0-8.5 of observed and predicted blood lead 

NA. not applicable. 
· levels were examined for any systematic 
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Figura 2. Correspondence between observed blood 
lead levels and IEUBK-predicted blood lead distribu­
tions for Kansas/Missouri children away from home 
s; 10 hr/week. Two points were left out because the 
observed blood lead levels were below the range of 
the graph. < 1 IJg/dl. 
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Figura 3. Correspondence between observed blood 
lead levels and IEUBK-pradicted blood lead distribu­
tions for Illinois children away from homes 10 
hr/Waek. Three points were left out because thev were 
outside the ranges of the graph; two observed blood 
lead levels were < 1 119/dl, and one predicted blood 
lead level was> 100 119/dl. 
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Figura 4. Correspondence between observed blood 
lead levels and IEUBK-predicted blood lead distribu­
tions far Pennsylvania children away from home !>20 
hr/waek. 
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differences. Figures 2 through 4 provide 
plots of observed versus predicted blood lead 
levels on a child-specific basis. These figures 
follow the same format as Figure 5, with the 
parallel lines representing 95% IEUBK 
modd prediction limits. Figure 5 illusuatc:s 
the intended correspondence between 
observed and predicted blood lead levels, 
assuming the correctness of IEUBK model 
parameters and the absence of significant 
error in measured environmental lead levels. 
Figure 1 illustrates the intended correspon· 
dence between observed and predicted blood 
lead levels, assuming the correctness of 
IEUBK modd parameters and the absence 
of significant error in measured environmen­
tal lead levels. Approximately 20o/o of the 
observed blood lead levels fall outside the 
prediction limits rather than the 5% 
expected and illustrated in Figure 5. 

Other explanatory variables available in 
the datasets, such as qualitative behavioral 
information, may account for some of the 
differences seen. For example, in the Illinois 
dataset, among the children whose mea· 
sured blood lead levels were higher than the 
IEUBK prediction interval ( Figure 3). 
78% rook food with them outside to play, 
compared with 24% of those whose mea­
sured blood lead levels were lower than the 
JEUBK prediction interval, and 45% for 
the rest of the children. One interpretation 
of Figures 2 through 4 is that the individual 
GSD is too low, even though the GSD was 
intended to include a plausible range of 
biologic and behavioral variability. 

Note that in Figure 3, only three of the 
IEUBK predictions > 30 J.Lg/dl corre­
sponded to observed blood lead levels 

100 

1' 

0 • ActuBI" blood 
lndlevel 

:= 95%1EUBK 
prediction llm~s 

1 10 100 

IEUBK·predicted GM blood lead,j.Lg/dl 

Figura 5. Expected correspondence of actual and 
predicted blood lead levels: simulated example. A set 
of IEUBK·predicted GM blood lead levels was gener­
ated from 224 pairs of soil and dust lead measure­
ments (from the 1991 Kansas/Missouri dataset). These 
predictions were paired with simulated actual blood 
lead levels generated as log-normal realizations from 
each predicGM and ~n individual GSO of 1.6. 

within the prediction limits. Although ail 
of these predictions were included in all of 
the summary measures and comparisons 
discussed here, we recommend that the 
IEUBK model nor be relied upon for expo­
sure combinations leading to a predicted 
mean blood lead level greater than 30 J.lg/dl 
because the exact nature of the nonlinear 
relationship between lead exposure and 
blood lead is less certain in this range of 
blood lead levels (18). Since the level of con­
cern is currently 10 pgldl, this is more an 
academic issue than a practical limitation. 

Discussion 
This is the most extensive comparison of a 
biologically based blood lead model with 
real-world data of which we are aware. 
Within the scope of these comparisons, 
IEUBK-predicted blood lead levels agree 
with observed blood lead levels within 
1 (lg/dl, and IEUBK-predicted risk of 
blood lead greater chan 10 J.lgl dl agrees 
with observed population exceedances 
within 4o/o. We conclude char this is 
reasonably close agreement . 

The agreement of observed and pre· 
dieted blood lead levels was closer for the 
subgroup of children with the highest blood 
lead levels (those 1-4 years of age), and for 
children who did not take food with them 
outside to play in the Kansas/Missouri and 
Illinois sets. In general, however, it was 
difficulr to draw strong conclusions about 
most subgroups because of the smaller 
sample sizes. 

The only limit we have identified for 
IEUBK model predictions is ro place less 
reliance on predictions > 30 flg/dl because 
of limited supporting data. There are sev­
eral other reasons for nor identifying spe· 
cific ranges of environmental lead levels as 
being less or more suitable IEUBK inputs. 
First, the mulrisource nature of lead expo­
sure requires consideration of joint distrib­
utions of lead from all sources: separate 
source-specific ranges of environmental 
lead levels are not useful. Also, variation in 
bioavailability of lead compounds from 
those prevalent in these studies would 
complicate extrapolating levels identified 
here to other settings. Note that although 
agreement between GM observations and 
prediction~ was somewhat looser across 
geographic subgroups. they were still con­
sistent with the geographic pattern of soil 
and dust lead levels observed, further sup­
porting the overall agreement seen across 
these darasers. 

Second, uncertainty in environmental 
lead measurements is also an important 
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consideration in understanding limitations 
on model use. Consider again Figures 2 
through 4, any one of which might suggest 
that model predictions rend ro be higher 
than observed at the higher end of the 
blood lead distribution and lower than 
observed at the lower end. Given the 
agreement of che GM blood levels and of 
the probability of exceeding 10 jJg/dl 
across the three datasets, it is less likely rhar 
the default GSD is too low. One plausible 
explanation is that the exposure estimates 
both under- and overestimated individual 
children's cumulative lead exposure due co 
the cross-sectional measurement of lead 
levels from limited areas of each child's 
sphere of activity. 

For instance:, the predictions in Figure 3 
char were > 30 Jlgldl corresponded to 
homes with dust lead measurements 
> 15,000 ppm. Recall chat the composire 
dust samples in the Illinois dataset 
included dust from window sills and 
encryways, areas where children can have 
exposure but perhaps not on a regular, 
daily basis. If samples from each subarea 
were not collected proportionally accord­
ing co rhe children's typical activities, the 
lead measurement of the composite will 
nor represent the acrual exposure. 

This variability in. the estimated 
exposure level, often called measurement 
error in the statistical literature (38,3!)), 
contributes co a reduction in both slope and 
correlation estimates as a function of the 
magnitude of rhis extra variability. It is 
important to note that the term measure­
ment error is nor used here ro suggest in any 
way that these studies were carried our inap­
propriately. Even when conscientious efforts 
have been made to identifY play areas, there 
is still enough variability between chil­
dren-in the frequency and the type of use 
of the areas-that data allowing a clear dis­
tinction between lead exposure (leading to a 
most typical blood lead level or GM) and 
individual variability in response to that 
exposure are difficult to collect. 

We have concentrated on grouped 
measures of agreement, assuming that 
measurement error in most environmental 
lead studies is generally unbiased, generally 
only increasing the variability in measure­
ments. In addition, there is reason to believe 
that exceedance probabilities based on error­
prone environmental measurements may be 
biased upward (40). We undertook a 
sensitivity analysis of the possible impact of 
measurement error on excc:edance probabili­
ties. First, Figure 6 illusrrares cumulative 
distributions of exceedanc:e probabilities 
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corresponding co rhe rwge of blood lead 
levels seen in the Illinois study, as estimated 
from the measured blood lead levels and 
from model predictions. Note that the 
IEUBK model-based exceedance proba­
bilities are somewhat higher chan observed 
for 10 Jlg/dl and higher blood lead levels. 

Next, lacking data for the within­
residence variability of environmental lead 
levels for chis study, we borrowed an 
estimate from another srudy having several 
dust lead measurements for each residence: 
studied (28). Variance in blood lead lev~ls 
associated with the median within­
residence variability of measured lead levels 
(GSD • 1.65) was subtracted from the 
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overall variability in the predicted blood lead 
distribution. This removal of measurement 
error from the overall variability results in a 
model-based distribution of exceedance 
probabilities that agrees quite closely with 
the observed distribution (Figure 7). This 
demonstration is intended to serve as an 
illustration only, as the estimate of measure­
ment error was based on one medium only 
in an unrdated city. On the other hand, it 
appears to be a realistic amount of variabil­
ity, given that the Illinois dataset had 
relatively variable dust lead measurements. 

A number of demographic variables 
have been associated with children's blood 
lead levels, e.g., parent's education, 

• Clbserved ••lues 
.-.-. Predi~toddirtribUlio.n l 

15 20 25 30 

Blood lead, ~g/dl 

Figure &. Comparison of the probability of exceeding specific blood lead levels for observed and predicted blood 
lead levels in Illinois craildren. This figure illustrates cumulative distributions of probabilities of exceeding the 
blood lead levels on the x·axis. corresponding to the range of blood lead levels seen in the Illinois study. The sym· 
bois show exceedance probabilities estimated from the measured blood lead levels. and the curve the exceedance 
probabilities estimated from the IEUBK model predictions summarized in Table 4. 

Figure 7. Comparison of the probability of exceeding specific blood lead levels for observed and measurement· 
error-adjusted predicted blood lead levels in Illinois children. In the predicted curve the variance of modeled blood 
lead levels is reduced by an amount attributable to a within-residence error in measured environmental lead levels 
(GSD=1.65). This demonstration is intended to serve as an illustration only, as the estimate of measurement error 
was based on one environmental medium only in an unrelated city (28). 
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socioeconomic starus, child's sex, and race 
(23,24). Interactions between these factors 
can be expected to vary across communities 
and population groups, and have con­
founded efforts to generaliz.e the results of 
regression models developed for specific 
communities. Such variables are difficult to 
accommodate in an exposure-response 
model, however, because it seems unlikely 
chat data will become available that will 
allow, for example, reducing dirt ingestion 
rates by some fixed amount for each year of 
graduate school the parents had. The 
IEUBK·predicted distribution acknowl­
edges the influences of these demographic 
variables through the individual GSD, 
which was estimated in a context that lim­
ited variability in environmental lead 
exposure, minimizing the influence of 
measurement error, and captured all other 
sources of variability in blood lead levels 
within the range of available data (6). The 
JEUBK model is flexible in allowing the 
use of site-specific model parameters when 
adequate community-specific measure­
ments are available. The results of these 
comparisons supported the use of the 
model defaults for these communities. 

The procedures used here ro evaluate 
IEUBK model predictions should not be 
confused with those for generating predic­
tions to be used in risk assessments. An 
evaluation of model plausibility considers 
whether, given well-characterized contact 
with environmenral lead, the predicted 
blood lead distribution agrees with the 
distribution of observed blood lead, allow­
ing for the limitations associated with both 
the observations and the model. For risk 
assessment at a residential level, however, 
the exposure assessment must consider how 
the current environmenral lead levels at a 
home could result in a blood lead level 
exceeding a given value in any child, not 
just the children currently living there. 
Specifically, it ia not necessary to survey 
how many children are in day care, for 
how long, or how long children play 
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outdoors for each community, unless they 
are expected to differ markedly from chil­
dren already studied. Although model pre­
dictions for residences wirh children away 
from home most of the week may not 
agree with observed blood lead levels 
(although they should if the secondary 
exposures are similar to those measured), 
these predictions still provide an estimate 
of the relative hazards of lead exposure in 
these homes if circumsrances should 
change, with children spending much 
more time there. 

It should also be noted that the level of 
agreement shown in this exercise is some­
what dependenr on the environmental 
sampling methods used in these studies. 
Alternate collection methods for sampling 
dust and soil, including XRF measure­
ments of soil, high-flow rate samplers for 
dusr, by different procedures for sieving 
samples before analysis, may lead to differ­
cor concentrations from the same areas 
{28). Environmental lead concentrations 
generated by other methods may be used 
in the IEUBK model, but predictions must 
be interpreted accordingly. 

As mentioned earlier, we did not 
pursue statistical significance testing, even 
though a number of statistical approaches 
for comparing observations with predic­
tions are in common use. Also, estimates 
of sensitivity, specificity, and positive 
predic£ive value were considered inappro­
priate for this exercise: because neither the 
predicted nor the observed blood lead 
levels are the indicators that these proce­
dures require. Recall that the point of an 
IEUBK model prediction is not a specific 
blood lead level but a distribution of 
plausible blood lead levels leading to a 
probability of elevated blood lead-not a 
yes/no indicator. In addition, at the time 
the studies considered in this evaluation 
were conducted, the Centers for Disease 
Control and Prevention expected chat a 
proficient laboratory would measure 
"blood lead levels to within several 

REFERENCES AND NOTES 

micrograms per deciliter of the true value 
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